INTRODUCTION {#sec0005}
============

Progression is one of the most important clinical outcomes in non-muscle invasive bladder cancer (NMIBC) as it indicates a worsening of disease. Despite this, the definition of "progression" is neither precise nor consistent and until now, there has been no standard definition which can be determined by reproducible and reliable procedures.

As a result, previous studies have employed different definitions for disease progression, or have failed to specify any method of defining advancing disease. An increase in stage is the most commonly used definition, but this fails to include other important indicators of advancing disease such as progression to invasion of the *lamina propria* or increases in grade. Prevention of progression is a major goal in the treatment of NMIBC but a standardized definition is required for comparisons to be meaningful.

A recent publication by the International Bladder Cancer Group (IBCG) highlighted this issue and the need for a new standard definition of disease progression in NMIBC to more accurately determine patient prognosis and to provide a better comparison of treatment options \[[@ref001]\].

The new definition proposed by the IBCG includes any one of: an increase in T stage from Ta to CIS or T1, CIS to T1 (indicating invasion of the *lamina propria*), development of T2 or greater, lymph node disease (N+), distant metastasis (M1) or an increase in grade from low to high.

In the current analysis, the new definition of progression was applied to data from a previous long-term follow-up study of blue light cystoscopy with HAL in patients with NMIBC bladder tumors \[[@ref002]\]. In the original analysis the definition of progression was from non-muscle invasive to muscle invasive bladder cancer. The original analysis showed that the impact of improved tumor detection and resection using blue light cystoscopy with HAL resulted in a trend in progression rates in favor of the patients undergoing blue light cystoscopy with HAL. The current re-analysis applied the new IBCG definition to see whether the progression rate would be reduced and time to progression would be prolonged using blue light cystoscopy with HAL.

MATERIALS AND METHODS {#sec0010}
=====================

An earlier controlled, randomized, Phase III multi-center study investigated the impact of improved detection of NMIBC using blue light cystoscopy with HAL on early recurrence rates \[[@ref003]\].

In the Phase III study, all patients underwent WL cystoscopy followed by TURB if indicated. Patients in the HAL group underwent additional inspection with HAL and inspection under blue light before and after TURB, where indicated. Follow up cystoscopies were carried out with white light at 3, 6 and 9 months or until recurrence. After completion of the study patients were treated according to standard clinical practice.

An extension to the Phase III study was carried out extending the follow up to approximately 4.5 years \[[@ref002]\]. The extension study collected data retrospectively and time from inclusion to follow-up was not pre-specified. The study extension obtained additional follow up information for 255 HAL (94%) and 261 WL (93%) patients with a median follow up of 55.1 and 53.0 months respectively.

The data from the extension study have now been re-analysed at time points of 1, 3 and 4.5 years using the new definition for progression proposed by the IBCG \[[@ref001]\].

Fischer's exact test was used to test differences in rate of progression and Kaplan Meier estimates to test differences in time to progression.

RESULTS {#sec0015}
=======

Using the new IBCG definition, 31 (12.2%) HAL and 46 (17.6%) WL patients had progressed by 4.5 years (*p* = 0.085), see [Table 1](#blc-2-blc160048-t001){ref-type="table"}. This trend was particularly pronounced in patients progressing from Ta to CIS: four (1.6%) in the HAL group compared to 11 (4.2%) in the WL group.

The numbers progressing in year one were 15 (5.9%) in the HAL group and 23 (8.8%) in the WL group; while by year three the numbers were 26 (10.2%) and 38 (14.6%) respectively.

Time to progression was significantly longer in the HAL group (*p* = 0.05), see [Fig. 1](#blc-2-blc160048-g001){ref-type="fig"}.

With reference to the original analysis of the follow-up study data, there was a trend (*p* = 0.066) that fewer HAL patients progressed to muscle-invasive disease at first recurrence (8 vs 16, see [Table 2](#blc-2-blc160048-t002){ref-type="table"}), a total of 24 patients. The definition of progression was transition from non-muscle invasive to muscle invasive bladder cancer, (T2-4).

Using the revised definition proposed by the IBCG, it can be seen that a number of patients in both treatment groups who were previously classified as recurring without progression had in fact progressed to a higher grade, or to CIS, a total of 77 patients ([Table 2](#blc-2-blc160048-t002){ref-type="table"}, *p* = 0.085).

DISCUSSION {#sec0020}
==========

Improved detection of NMIBC tumors with HAL compared to WL cystoscopy has already been shown to lead to a lower rate of recurrence and a longer recurrence-free interval \[[@ref002]\]. Using a new definition for disease progression in NMIBC, which aims to identify patients with high risk of developing muscle invasion at an earlier stage, we found a shorter time to progression and a trend towards a higher rate of progression in WL cystoscopy patients compared to HAL, confirming the importance of the ability of HAL to improve detection and removal of tumors.

In addition to the removal of areas of suspicious tissue, improved identification, particularly of CIS, may lead to adjustment of the treatment strategy with a subsequent impact on progression \[[@ref004]\]. In the original study, participants with high grade bladder cancer, T1 or CIS were to receive an induction course of BCG followed by three weekly maintenance instillations at 3 and 6 months. Following completion of the study, patients were to be managed according to standard clinical practice.

Improved progression rates might be caused by differences in use of intravesical therapy in the period following initial treatment, as greater use of intravesical therapy could have an impact on progression. In the original study BCG was administered to 50 (19%) participants in the HAL group and 55 (20%) in the WL group \[[@ref003]\]. When the study extension data is included, 123 (45%) of the HAL group and 130 (46%) of the WL group received some form of intravesical therapy \[[@ref002]\]. As the rates of intravesical therapy were similar in the two groups, this can be ruled out as the explanation for improved progression rates in the HAL group.

The definition of progression in bladder cancer is extremely important as it indicates advancing disease. One of the most commonly used definitions of progression in NMIBC is an increase in tumor stage to muscle invasive disease (stage T2 or greater) which recognizes the fact that prognosis and treatment of patients whose tumors have invaded muscle are very different to those in patients who have NMIBC.

However, there are other indicators of advancing disease, such as invasion of the basement membrane, that signal the capability of the tumor to metastasise. These changes are rarely or inconsistently used to indicate progression.

High grade Ta lesions carry a high risk of invasion into the *lamina propria* and beyond, with some studies suggesting that up to 40% of patients with Ta tumors can experience invasion of the *lamina propria*, and up to 25% can experience muscle invasive disease \[[@ref005]\]. As progression to T1 disease clearly indicates advancement of NMIBC the IBCG recommended that tumor changes from Ta to T1 be included in the definition of progression. In the original study upon which this analysis was based, there were 47 patients (16%) in whom at least one Ta or T1 tumor was seen with blue light cystoscopy but was missed during inspection under white light \[[@ref003]\]. In 43% of these patients the tumors that were detected with HAL only were high grade or T1 \[[@ref003]\].

There is good evidence that grade is a better prognostic indicator of progression and mortality than recurrence \[[@ref008]\] with a noticeable effect on overall survival \[[@ref011]\]. Based on this evidence the IBCG recommended that grade progression be included in a standard definition of progression. Likewise, the development of CIS in a patient with low grade disease can be interpreted as a clear indication of grade progression \[[@ref012]\].

The presence of CIS is of particular concern as detection rates using visual inspection are quite low. In this respect, it has been reported that detection of CIS can be improved with the addition of blue light cystoscopy to standard WL cystoscopy \[[@ref003]\]. In the original study, 13/41 (32%) patients with CIS had CIS detected only with blue light and not WL (*p* \<  0.0001) \[[@ref003]\]. The significant increase in time to progression with blue light cystoscopy is clearly important and is probably due to better detection and resection at an early stage.

In the re-analysis reported here, using the new definitions, a greater number of patients at risk of progression to muscle invasive disease were identified: a total of 77 compared to 24 in the original analysis. It is clearly of great clinical importance to detect these changes at an early stage: finding changes early enables treatment decisions to be made that can minimize the risk of tumors progressing to full-scale muscle-invasion.

It is also of note that in this study more patients progressed to CIS in the WL than in the HAL group. Although the original study was not powered to show this difference, there is an indication of a trend even in this relatively small study.

In a recently published study, a retrospective analysis was carried out on 224 patients undergoing radical cystectomy (RC) for bladder cancer. It was found that patients who had previously received HAL TURB had significantly better 3-year recurrence-free survival (77.8% vs 52.4%, *p* = 0.002), cancer-specific survival (83.9% vs 59.7%, *p* = 0.023) and overall survival (74.0% vs 56.5%, *p* = 0.037) following RC than patients who had previously undergone white light TURB \[[@ref021]\]. Patients who had received blue light TURB (with either HAL or 5-ALA) also received a higher number of TURBs and re-resections before RC.

There have been reports of the use of HAL cystoscopy which have found no benefit in terms of progression through the use of this technique. A study by Geavlete et al. (2012) found no significant difference in progression-free survival but did not report the parameters used to define progression \[[@ref022]\]. Also, follow up in this study was quite short at one and two years.

As was noted above, studies have variously defined progression as invasion of the detrusor muscle, progression to a higher T stage, or presence of CIS making comparisons difficult. We suggest that re-analysis of the data using the definition of progression proposed by the IBCG, may produce different conclusions.

Recurrence of high grade T1 disease or CIS following complete resection and effective intravesical chemotherapy is associated with an increased risk of progression that can be reduced by radical cystectomy. Therefore, it is common practice to perform cystectomy before progression to muscle invasion occurs. A more precise method for defining progression may help to avoid unnecessary cystectomies.

These findings highlight the importance of using a definition for progression that is sensitive to early changes that indicate advancing disease and a higher risk for progression. They also highlight the importance of proper detection and resection of tumors as early as possible in the disease course, the role that inspection with blue light can have in improving the detection and removal of early tumors and CIS, and the impact of this on rate of progression and time to progression.

CONCLUSIONS {#sec0025}
===========

Improved detection of NMIBC tumors with HAL has already been shown to affect rate of progression. A new definition by the IBCG includes indicators of advancing disease with the aim of identifying progression at an earlier stage. Applying the new definition to data from an earlier study, more patients at risk were identified in both groups, with a trend towards a lower rate of progression in HAL patients, particularly in those patients progressing from Ta to CIS. Also, time to progression was significantly prolonged. This suggests that patients should receive HAL rather than WL at first resection. Adoption of this broader definition could allow more patients with indicators of advancing disease, and at risk of progression to be treated appropriately at an earlier stage.
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###### 

Progression rate at 4.5 years (ITT recurrence population)

                                                1 year      3 years      4.5 years                                 
  ----------------------------------------- -------------- ---------- --------------- ----------- ---------------- -----------
  Number (%) of patients with progression    15 (5.9)^ ±^   23 (8.8)   26 (10.2)^ †^   38 (14.6)   31 (12.2)^ \*^   46 (17.6)
  Ta to CIS                                    2 (0.8)      5 (1.6)       2 (0.8)      10 (3.8)       4 (1.6)       11 (4.2)
  Ta to T1                                     4 (1.6)      7 (2.7)       9 (3.5)       8 (3.0)       10 (3.9)       9 (3.4)
  Ta to≥T2                                     2 (0.8)      3 (1.2)       4 (1.6)       5 (1.9)       4 (1.6)        8 (3.1)
  CIS to T1                                    2 (0.8)      1 (0.4)       3 (1.2)       2 (0.8)       3 (1.2)        2 (0.8)
  T1 to≥T2                                     3 (1.2)      3 (1.1)       3 (1.2)       5 (1.9)       3 (1.2)        5 (1.9)
  Grade 1 to Grade 3                              0         2 (0.8)       3 (1.2)       5 (1.9)       4 (1.6)        7 (2.7)
  Death due to bladder cancer                  2 (0.8)      2 (0.8)       2 (0.8)       3 (1.1)       3 (1.2)        4 (1.5)

^ ±^ *p*-value = 0.239 (Fisher's exact test). ^ †^ *p*-value = 0.143 (Fisher's exact test). ^ \*^ *p*-value = 0.085 (Fisher's exact test).

###### 

Comparison of progression rates at 4.5 years (ITT recurrence population)

                                               4.5 years, re-analysis New definition of progression   4.5 years original study data Progressiondefined as T2 -- T4               
  ------------------------------------------- ------------------------------------------------------ -------------------------------------------------------------- ------------ ----------
  Number (%) of patients with recurrence                             158 (62)                                                   178 (68)                              158 (62)    178 (68)
  Number (%) recurrence without progression                          127 (50)                                                  132 (50.4)                             150 (59)    162 (62)
  Number (%) recurrence with progression                            31 (12.2)                                                  46 (17.6)                             8 (3)^ \*^    16 (6)

^ \*^ *p*-value = 0.066 (Fisher's exact test).
